S
ince its introduction in 1991, 1 optical coherence tomography (OCT), has found its place as a widely accepted imaging technique, especially in ophthalmology and other biomedical applications. It represents an interferometric, non-invasive optical tomographic imaging technique offering millimetre penetration with submicrometre axial and lateral resolution. The technique when first described demonstrated a 30-mm resolution, but modern tomography such as the introduction of third-generation commercial OCT instruments (Stratus OCT3, Carl Zeiss Meditec, Dublin, CA) in 2002 made it possible to obtain an axial image resolution of approximately 10 mm. In ophthalmology, OCT makes it possible to obtain noncontact, high-resolution, cross-sectional imaging of the retina. This ability of OCT to image tissue morphology in situ and in real time has been termed ''optical biopsy''. Quantitative measurement or morphology of the retinal architecture can be used to assess retinal pathology, and the data are then displayed in a false-colour topographic map. The evaluation of OCT tomograms depends on the observer to identify both differences in the relative reflectivity of different tissue layers and morphological changes in tissue structures.
Interpretation of a normal OCT is imperative before pathological disease processes can be appreciated. OCT is able to resolve three highly reflecting layers, believed to correspond to the vitreous/retina, inner/outer photoreceptor segments, and RPE/choriocapillaris interfaces.
2 Figure 1 demonstrates an OCT image of the normal human macula. The nerve fibre layer (NFL) is the innermost layer of the retina, followed by the inner plexiform layer (IPL), the inner nuclear layer (INL), the outer plexiform layer (OPL), the outer nuclear layer (ONL), the photoreceptor inner and outer segments (IS/OS) and the retinal pigment epithelium (RPE). The most backscattering of light is produced from the NFL and the plexiform layers, and can be seen on the OCT image as red or white false-colour. 3 It is postulated that the reflection emanating from the junction of the inner and outer segments may be caused by the sudden boundary formulated between the structures of the inner, and highly organised outer segments which contains stacks of membranous discs that are rich in the visual pigment rhodopsin. 4 OCT imagery of the photoreceptor outer segment supports this interpretation, with the increased reflection being attributed to the increased thickness in the foveal region corresponding to the well-known increase in the length of the outer cone segments in this region. The melanin-containing RPE produces strong backscattering and is visualised clearly just below the photoreceptor outer segment. Beneath the RPE, the choriocapillaris and the choroid are visualised as the optical backscattering structure, but unfortunately vascular structures cause light to scatter and limit the penetration of light and the ability of OCT to visualise any of the deeper structures.
Uveitis, although classically associated with the development of macular oedema, can cause a spectrum of retinal morphological changes, some of which characterise specific disease processes. At present, fluorescein angiography is one of the most widely used investigations for detecting the presence of macular oedema. This ancillary test is invasive and certainly not without risk, with approximately 20% of recipients experiencing nausea, with anaphylaxis and death as rare sequelae. 5 Furthermore, the information that is provided is qualitative, and its interpretation is highly subjective. Evidence now suggests that OCT is as effective at detecting macular oedema as is fluorescein angiography, but is superior in demonstrating axial distribution of fluid. Compared with flourescein angiography, the OCT sensitivity for detecting cystoid macular oedema was 96%, with a specificity of 100%. 6 OCT has been shown to detect macular thickening, even before any angiographic evidence of macular oedema, produces reproducible and consistent results, and provides quantitative measurements of retinal thickness that are ideal for follow-up and assessment of treatment response to disease.
MACULAR OEDEMA
Macular oedema is the leading cause of decreased vision in uveitic patients and can lead to permanent visual impairment in 8.5% of cases. 7 Although it may occur with any type of ocular inflammation, it is most commonly associated with pars planitis, iridocyclitis, birdshot retinochoroidopathy, sarcoid uveitis and HLA B27-associated uveidities. Three patterns of macular oedema are described in uveitis, namely focal, diffuse or cystoid, 8 as demonstrated in fig 2.
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Although the morphological patterns of diabetic macular oedema are well described, 9 it is questionable whether these patterns can be applied to uveitic oedema, as ultrastructural studies suggest possible variations in the morphological features and location of the fluid in different types of macular oedema. 10 Pathologically, the oedema is caused by disruption in the normal permeability of the blood-retinal barrier. Inflammatory mediators implicated in promoting barrier breakdown include adenosine, prostaglandin E1, tumour necrosis factor-a, interleukin-1-b, vascular endothelial growth factor and vasoactive peptides. The earlier the detection and treatment of macular oedema, the more favourable the visual prognosis is for the patient as visual acuity improvement is more commonly seen in patients with macular oedema of less than 6 months' duration. The macular changes may be reversible, and restoration of vascular permeability may occur with resolution of the oedema, but with chronic oedema, retinal thinning with photoreceptor damage and progressive fibrosis may occur. 11 The accuracy, precision, repeatability and reproducibility of OCT measurements were assessed by Muscat and colleagues, and demonstrated results from control subjects that were repeatable and reproducible with an inter-session reproducibility of 1.5%. 12 
WHITE DOT SYNDROMES
Multifocal choroiditis and panuveitis is a posterior chorioretinal inflammatory disease of unknown aetiology with prominent elements of vitritis and anterior segment uveitis. Subsequent scarring and fibrosis of these lesions with proliferation of the retinal pigment epithelium may lead to the occurrence of choroidal neovascular membranes and possible irreversible visual loss. It has been postulated that the fundal white dots are a clinical presentation of a common abnormality followed by a variable immune-mediated response causing a spectrum from multiple evanescent white dot syndrome to birdshot chorioretinopathy, with the white dots proposed as microgranulomata. 13 Dunlop, in his clinicopathological correlation however, demonstrated that these white dot lesions were non-granulomatous perivascular choroidal infiltrates consisting mainly of B lymphocytes.
14 Van Velthoven and colleagues 15 in their paper describe the retinal changes in active multifocal and serpiginous chorioretinitis as seen on OCT. Transretinal hyperreflectivity is the characteristic feature associated with an active multifocal chorioretinal lesion, as is demonstrated in our patient (fig 3) . The characteristic feature of an active serpiginous lesion demonstrates hyper-reflectivity in the outer retina only (fig 4) , which correlates well with the histopathology of the disease process. Very few eyes with serpiginous choroiditis have been studied histopathologically, but examination demonstrates extensive loss of the retinal pigment epithelium with destruction of the overlying retina. 16 The choriocapillaris as well as part of the choroid is filled with a mononuclear cell infiltrate, suggesting an inflammatory component to this disorder, changes which are represented in this figure as the ''Waterfall effect''.
TOXOPLASMOSIS CHORIORETINITIS
The diagnosis of ocular toxoplasmosis is usually based on clinical findings. When the ocular manifestations are atypical, laboratory tests can be supportive, but the diagnosis should not depend solely on serological tests, as the antigen load of a small, active lesion in one eye may not be enough to stimulate elevated systemic antibody titres. 17 Several features have been described in association with toxoplasmic chorioretinitis. Guagnini and colleagues in their recent case report 18 document the OCT features of spherical deposits associated with recurrent toxoplasmic chorioretinitis. These atypical 100-150-mm, greyish deposits appear along the retinal arteries and veins as well as on the vitreoretinal interface of the macula. These small granular deposits were originally described by Gass 19 and have subsequently been described in human T-lymphotropic virus type 1-associated uveitis, 20 and in Figure 1 Normal OCT scan. Figure 2 Patterns of macular oedema.
Optical coherence tomography in posterior uveitisone case of ocular syphilis. 21 Our case of acute toxoplasmic chorioretinitis ( fig 5) demonstrates these changes with deposits on the vitreoretinal interface with a focal area of increased intraretinal backscatter and thinning of the retina in this area. Furthermore, there is significant backscatter anterior to the retina indicative of the migration of inflammatory cells into the vitreous in association with a secondary partially detached posterior hyaloid face. In contrast, fig 6 demonstrates an OCT scan of an inactive toxoplasmosis lesion. There is a region of enhanced reflectivity within the neurosensory retina corresponding to previous inflammation. There are focal areas of fragmentation within this reflective band corresponding to retinal pigment epithelium proliferation and hyperpigmentation. There is also increased backscatter from the choroid consistent with pigmentary atrophy. The superficial layers of the retina appear to be preferentially involved and thinned, which is consistent with the predilection of toxoplasmosis for neural tissue.
GRANULOMATOUS POSTERIOR UVEITIDES
The acute uveitic phase of Vogt-Koyanagi-Harada (VKH) follows the short prodromal phase, with 70% of VKH patients presenting to ophthalmological attention during this phase with bilateral uveitis. 22 Early clinical findings include posterior choroidal thickening, manifested as an elevation of the peripapillary retinochoroidal layer, along with disc hyperaemia. 23 Subsequent retinal pigment epithelium (RPE) barrier breakdown causes subretinal fluid accumulation and multiple serous retinal detachments. Figure 7 demonstrates the OCT findings in a patient with VKH with multiple intraretinal hyporeflective areas representing intraretinal cysts, degeneration and breakdown of the RPE, and serous retinal detachment. Figure 8 demonstrates bilateral advanced serous macular detachments in a patient with VKH.
Although much has been said about the histological differences between VKH and sympathetic ophthalmia, it is clear that standard histological studies cannot definitively differentiate one from the other. The histopathologies of the inflammatory changes in sympathetic ophthalmia are identical in the exciting and sympathising eyes. 24 Classically, there is sparing of the choriocapillaris, with a relative lack of retinal involvement. There have been, however, atypical histopathological features reported with variable degrees of retinal involvement, including perivasculitis, retinitis, detachment and gliosis.
25 Figure 9 demonstrates a patient with sympathetic ophthalmia with disorganisation and thinning of the inner retina, and pronounced disintegration of the RPE and choriocapillaris (''Waterfall effect'').
VITREOMACULAR TRACTION SYNDROME SECONDARY TO IDIOPATHIC PANUVEITIS
The natural history of vitreomacular traction syndrome (VMT) has been described, and the authors concluded that most symptomatic eyes with VMT underwent a further decrease in visual acuity. Complete vitreomacular separation which occurs infrequently in eyes with the disorder allows resolution of cystoid changes and an improvement of visual acuity. 26 The factors responsible for the development of VMT are unknown. Several conditions such as age-related degeneration and shrinkage of vitreous, metabolic and vascular causes have been described. 27 The association of posterior uveitis and VMT is poorly documented. Canzano and colleagues described two cases of VMT following highly active antiretroviral therapy in AIDS patients with cytomegalovirus retinitis, and concluded that changes in immune status may permit an inflammatory response that can lead to VMT. 28 Morphologically, two types of vitreous traction can develop in VMT; an incomplete V-shaped posterior vitreous detachment that leads to foveal retinal detachment, the surgical outcome of which is favourable, and partial posterior vitreous detachment temporal to the fovea in which prominent cystoid macular oedema develops and which may result in a macular hole or macular atrophy postoperatively. 29 Figure 10 clearly delineates the characteristic features as seen on OCT. This image represents a V-shaped posterior vitreal detachment in a patient with idiopathic panuveitis. The posterior hyaloid is hardly distinguishable from the superficial retina on a normal OCT image but becomes apparent when it is detached. This patient would respond favourably to surgical intervention, should the intraretinal oedema persist.
CONCLUSION
The differential diagnosis of uveitic diseases is largely based on clinical characteristics, a history of prodromal visual and systemic symptoms, signs of inflammation, size and location of lesions, angiographic findings and the course of the disease process. OCT has become a valuable ancillary diagnostic tool, and can provide useful information on the morphological features associated with a variety of uveitic diseases. Ophthalmologists should be aware of these characteristic features so that an earlier diagnosis can be made, and disease-specific treatments can be instituted. 1 Frozen FA pictures are obtained but direct visualisation of the kinetics of FA is possible only once, by the investigator. The kinetics of FA examination is imagined from static FA pictures based on our experience. 2 3 We evaluated a new software that re-create automatic pseudo-movie from static pictures, in order to share the visualisation of dye leakage.
Methods: EyeToolkit software (EDC Lamy EyeToolkit software, EDC LAMY, Carvin, France) performs an automatic and rapid overlay (0.5 to 3 seconds) from the different angiographic frames. Five images from the same examination, from early to late phase, are required to generate a movie. The resulting movies could be seen either with the EyeToolkit software or be exported to video format. We submitted a minimum of six images issued from printed photographs or any digital instrument (Topcon retinal camera, TRC-50, Topcon, Tokyo, Japan; Heidelberg Retina Angiograph, HRA 2, Heidelberg Engineering, Heidelberg, Germany), to the EyeToolkit software: sequences of fluorescein angiograms of patients harbouring various patterns of exudative age-related macular degeneration (AMD), with or without treatment, were selected in order to visualise active leakage of dye and to differentiate it from staining. In addition, we submitted to the EyeToolkit software images issued from one single FA examination (early phase to 109) in case of central serous chorioretinopathy (CSC), in order to see the kinetics of the leakage and to visualise leakage of dye from active areas of CSC.
Comment:
We evaluated two kinds of leakage: chorio-retinal leakage from choroidal new vessels (CNVs) due to AMD, and retinal leakage from active areas of CSC. In exudative AMD patients, the rapid overlay (,10'') applied in a movie mode obviously demonstrated the progressive enlargement of the hyperfluorescence, materialising the leakage of fluorescein from CNVs. The FA movies generated with EyeToolkit permitted to clearly see the active leakage from a newly diagnosed classic CNV (Video 1), and from a newly diagnosed minimally classic CNV (Video 2). Moreover, the FA movies generated with EyeToolkit permitted to easily detect the minimal leakage from a still active classic choroidal neovascularisation previously treated by photodynamic therapy (PDT) (Video 3), and to visualise the filling of the vascularised pigment epithelium detachment from an occult choroidal neovascularisation previously treated by PDT (Video 4). In CSC, the FA movies generated with EyeToolkit permitted to see the kinetics of the classic smokestack-type leakage (Video 5) and to easily visualise leakage of dye from active areas of CSC (Video 6). EyeToolkit software is a new automatic and efficient tool for a rapid overlay of images, obtaining an angiographic movie from any image. It leads to easy visualisation of leakage from CNVs and from active areas of CSC; thus, owing to the easy differentiation of active leakage from staining, EyeToolkit software would seem particularly helpful for the decision of treatment and re-treatment. Easy visibility of the kinetics of the dye in angiography, in a movie mode, also represents a useful approach for teaching. Based on this preliminary analysis, this software can be considered for (1) recreating pseudo-kinetics of dye in retinal angiography, (2) easy sharing of retinal angiograhy; voice comments can be included within the file, and (3) teaching and e-learning. The comparative evaluation of the generated movies versus classic angiographic pictures must validate its use for diagnosis and indications of treatment.
To view the full report and accompanying video please go to: http://bjo.bmj.com/cgi/content/full/91/12/1685/DC1
All videos from the BJO video report collection are available from: http://bjo.bmj.com/video/collection.dtl
